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S umm a r y
Seven national and regional coastal risk management authorities from the North Sea coun-
tries conducted the INTERREG IIIB project “COMRISK – common strategies to reduce the
risk of storm floods in coastal lowlands”. COMRISK aimed at improved coastal risk manage-
ment in the North Sea region (NSR) through a transfer and evaluation of knowledge and me-
thods as well as pilot studies. Nine subprojects with specific thematic and regional foci and the
final conference COMRISK2005 all contributed to this aim. This paper synthesizes the main
findings of the project, describes its “main messages”, and gives an outlook for further work.
Z u s a mm e n f a s s u n g
Sieben nationale und regionale Küstenschutzbehörden aus den Nordsee-Anrainerstaaten
führten das INTERREG IIIB Projekt „COMRISK – gemeinsame Strategien zur Reduzierung
der Risiken von Sturmfluten in Küstenniederungen“ durch. COMRISK zielte mittels Austausch
und Evaluierung von Kenntnissen und Methoden wie auch durch Pilotstudien auf ein verbes-
sertes Risikomanagement in den Küstenniederungen des Nordseeraumes ab. Neun Teilprojekte
mit spezifischen thematischen und regionalen Schwerpunkten und die Schlusskonferenz COM-
RISK2005 trugen zu dieser übergeordneten Zielstellung bei. In diesem Beitrag werden die Pro-
jektergebnisse in einer Synthese zusammengeführt, die wichtigsten Botschaften erläutert, und ein
Ausblick auf künftige Arbeiten gegeben.
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1. I n t r o d u c t i o n
Since 1996, leading public managers and officers from national and regional adminis-
trations in Denmark, Germany, The Netherlands, Belgium and the United Kingdom con-
fer on transnational aspects of coastal risk management in the so-called North Sea Coastal
Managers Group (NSCMG). It became clear that, despite major differences in the physical,
socio-economic, cultural and institutional setting, the challenges that national and regional
administrations face in safeguarding societies against storm surges are very similar through-
out the North Sea region. In order to achieve a sharing of knowledge and more balanced
and sustainable approaches, a comprehensive and comparative assessment and evaluation
of national and regional coastal risk management practices was agreed upon. These consi-
derations led to the initiation of the project “COMRISK – common strategies to reduce the
risk of storm floods in coastal lowlands”. Seven public coastal risk management institutions
from the member states co-operated in the project. It was implemented under the Com-
munity Initiative Programme INTERREG IIIB of the European Union that co-finances
(with 50 %) transnational projects for specific regions. In all, about 30 organisations (project
partners, consultants, local administrations, etc.) were directly involved in the project. More
than 40 individuals (project team, consultants and contact groups) actively contributed to the
project outcomes, and about 150 more persons were involved through workshops, expert
questionnaires, etc. One positive impact that COMRISK achieved is that these individuals
and institutions are able to benefit, in their daily work, from this transnational sharing of
information and knowledge.
Risk is a combination of the probability (or frequency) of occurrence of a defined
hazard and the magnitude of the consequences of the occurrence. Coastal risk management
constitutes of a range of topics that vary from strategic like national risk policies to more
technical, for example, the dimensions and performance of flood defence schemes. The
themes that were assessed and analyzed in the COMRISK subprojects one to five were:
(1) policies and strategies, (2) strategic planning, (3) perception and participation, (4) perfor-
mance indicators, and (5) hydraulic boundary conditions. For each of the topics, in a first
step the national and/or regional state of the art was assessed and put into the context. In a
next step, a comparison was conducted that focussed on challenges and opportunities in the
national and regional practices. Finally, if appropriate, recommendations were established.
In the COMRISK subprojects six to nine, risk analyses were conducted for four case sites:
Flanders (B/NL), Ribe (DK), Lincshore (UK) and Langeoog (GER). These studies followed
a broadly similar approach although each had distinct aims and objectives. In each case, as a
first step, the physical and socio-economic conditions were characterized, and an inventory
of existing flood and coastal defence measures was established. With these data, risk assess-
ments using newest probabilistic techniques were then carried out. Finally, recommendati-
ons concerning the application and/or improvement of the risk assessment techniques were
established. The subprojects are described in detail in the previous chapters of this volume.
This paper synthesizes the main findings of the subprojects, present the key messages to
emerge, and gives an outlook for further work.
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2. P r o j e c t s y n t h e s i s
2.1 D i f f e r e n c e s i n t h e c o n t e x t s
From all subprojects it became clear that the national and regional settings in the North
Sea countries, i.e., the physical, socio-economic, cultural and institutional context, are
extremely diverse. For example, the scale of flooding and the affected population size differ
substantially between The Netherlands and Denmark. This variance in the context explains
most of the observed differences in the implemented policies and strategies for coastal risk
management.However,within the varying settings there is certain freedomof policy choices. It
is recommended that this freedom should be used to increase the number of risk management
options and, therewith, the robustness of the policy. For example, apart from focussing on
technical solutions, non-structural options like floodwarning systems, self-help (where the af-
fected take preparatory actions themselves), insurance/compensation, and control of develop-
ment in flood-prone areas might be included into the policies and strategies. It is interesting to
note that the technical solutions applied in the North Sea countries such as sea dikes and sand
nourishments are very similar (although the design criteria vary substantially, see below).
The COMRISK project has identified many areas of common interest to those de-
veloping flood risk management strategies and policies in the partner countries. Continued
co-operation and collaboration is needed to ensure that these common interests are fully
exploited. Harmonization on all aspects of coastal flood risk management seems not feasible
due to the differences in the contexts and approaches in the five countries. Definition of
a common strategy however does not have to mean harmonization of policies. Although
future harmonisation of policies and strategies should not be avoided when desirable and
feasible, at the moment it is more appropriate to focus on further mutual understanding and
mutual learning.
2.2 C omm u n i c a t i o n o f r i s k s
Our study found that coastal risk perception, or the awareness of coastal risks, is rela-
tively underdeveloped, despite major efforts of the responsible administrations. This indi-
cates that the information flow from the responsible administration towards the population
is either insufficient, does not reach the recipients or is not taken seriously. There, still, is
an apparent deficit in risk communication. One of the reasons may be the different defini-
tions that experts (from science and administration) and the society apply. Experts talk in
terms of quantifiable technical risk such as return intervals, probability of breaching and so
on. These may not match the way risk is perceived by the population – will my house be
damaged? Hence, it is recommended that risk should be translated into the language of the
society. Instead of communicating safety standards (which may give a false impression of
absolute safety), reference should be made to personal living surroundings and to personal
consequences. Further, options for personal action (self-help) should be presented.
Moreover, people indicate that they are not adequately informed about the risks of
storm floods and are sceptical about their ability to influence planning decisions. To increase
the quality of information, it should be neutral, objective, plain, targeted, comprehensive and
understandable. Further, a mix of information tools should be used in combination. To over-
come the scepticism about the possibilities to influence planning decisions, the involvement
of external facilitators can be helpful.
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2.3 S t r a t e g i c p l a n n i n g : s a f e t y s t a n d a r d s v e r s u s r i s k
b a s e d a p p r o a c h e s
Strategic planning is carried out in all North Sea countries in order to determine an ap-
propriate programme of measures to implement stated policy aims and objectives. However,
the process of Strategic Planning is approached differently within each COMRISK partner
country. These differences reflect different risk perceptions, societal expectations and cultu-
ral traditions. For example, throughout the continental European partners legislative instru-
ments provide the primary planning tools. Defence measures are designed to withstand a
stormwater level with a specified probability of occurrence. The German states and Belgium
presently define one safety standard for all theirmajor coastal flood defence schemes,whereas
inDenmark and TheNetherlands some socio-economic considerations lead to regionally va-
riable safety standards. For example, in the densely populated province of South-Holland, a
1:10,000 year storm water level should be stopped, whereas in the province of Friesland the
safety standard is the 1:4,000 year water level (WET OP DE WATERKERING, 1996).
As an alternative to safety, a risk-based approach can be applied to establish a basis for
consistent and transparent decision-making with respect to defence measures. Risk may be
defined here as themultiplication of the probability of occurrence of a defined event (e.g. dike
breaching) and the magnitude of the consequences of the event (i.e., the damages resulting
from the flooding). With this concept, instead of one water level that should be resisted, a
pre-defined acceptable risk is allowed for. Adapting risk criteria would imply that defence
schemes are designed according to the protected values. In result, the financial means may be
invested more effectively. In order to arrive at the same acceptable risk, the sea dike in front
of a heavily utilized polder would need to be higher (i.e., the probability of breaching lower)
than the dike in front of a polder with a low population density.
Within England and Wales a risk-based approach is adopted based on analyses of the
benefits and costs of action compared with the consequences of doing nothing. A guideline
for assessing the benefits is provided in the so called “Multi-Coloured Manual” (PENNING-
ROWSELL et al., 2003). In Denmark and The Netherlands regionally varying safety standards
reflect some risk considerations (see above). In Germany, this risk-based approach is not
adopted because it leads to disagreements with the affected population as it can negatively
affect equal opportunities.
The differences among the safety and risk based approaches are, amongst others, reflec-
ted in the way expenditure is prioritised. Within the context of a safety standards approach
for example, prioritisation of expenditure is given little prominence within the strategic plan-
ning process and it is difficult (and may be politically undesirable) to prioritise improvement
of one defence over an other. The approach adopted in England and Wales, however, has a
primary focus on prioritising actions in order of economic efficiency.
A fully risk based approach would require acceptable risk criteria to be defined. The
societal definition of an acceptable risk is highly complex as it varies strongly depending
on, for example, age, sex, lifestyle, etc. Therefore, this problem should be solved within
a coherent, transparent, adaptive and widely accepted framework for tolerable flood risk
assessment. This would also need to consider questions of values, equities and affordability.
A starting point for the development of such a framework may be the so-called ALARP-
or ALARA-concepts which are widely accepted across many disciplines (see contributions
OUMERACI and ALE in this Volume). Public discussion has an important role to play in
establishing an appropriate approach and leads to better acceptance of the decision.
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2.4 M o n i t o r i n g o f p e r f o r m a n c e
Associated with the setting of safety or risk standards is the performance of the structu-
ral and non-structural measures that implement those standards. In all countries performance
indicators are applied inmonitoring programmes for structural schemes. For example, for sea
dikes a maximum allowable overtopping rate (typically 2 l/s/m) not to be exceeded under a
given design event is defined and monitored. Most countries are moving towards flood risk
assessment based not just on predictions of the probabilities of defence overtopping under
given events but also on prediction of the probability of an overall defence failure (e.g. dike
breaching), the flooding consequences and their assessment in socio-economic terms (see
above). It is possible to evaluate measures based on their effectiveness in reducing the eco-
nomic risk from flooding, and their efficiency in reducing national or regional flood risk per
Euro invested. This is the basis of the national appraisal of flood and coastal riskmanagement
expenditure in England and Wales.
Our study found that most of the outcome performance indicators used by coastal risk
managers in the North Sea countries are appropriate for their purpose. In many cases these
focus on specific parts of the flooding system. In risk management terms it is convenient
to think in terms of the sources, pathways and receptors of flooding. Sources relate to the
extreme loads such as sea levels and wave heights. Pathways or barriers relate to the flood
defence and inundation routes through which flood water reaches the receptors - these are
the people, property and environments which can be harmed by flooding. During the study,
it was convenient to categorise performance measures in this way and this provided a good
framework to compare indicators in different countries.
In most of the NSR countries there is some kind of national or regional database in
which coastal risk management data is held. Generally this includes socio-economic data
as well as hydro- and geomorphologic data. In some cases there are also records of flood
defence works and costs and information about planned works. However, much of the raw
data that are collected and stored in databases are, on the whole, not tailored to the needs of
Performance Evaluation. Additional processing and/or data collection is generally needed
to isolate specific performance indicators. Many of the databases were developed for other
purposes and were now being adapted to meet the needs of risk and performance manage-
ment. For this purpose, however, the information and even the structure of the databases are
not necessarily ideal.
2.5 M e t h o d s t o d e t e r m i n e h y d r a u l i c b o u n d a r y c o n d i t i o n s
An inventory of the methods used to determine the hydraulic boundary conditions
for designing or assessing the safety of sea defences was conducted. Based on the results of
this inventory the various methods have been analysed and compared for a sea dike and a
dune profile on the North Sea coast in The Netherlands. Though the general approach to
determine the hydraulic boundary conditions is fairly similar, the differences in details of
the methods can lead to crest heights that can vary several meters for the same return period.
Major factors for these differences in the crest height of sea dikes are the statistical methods
to assess the designwater level, the quality of the prediction of the nearshorewave parameters
and the various parameters in run-up and overtopping formulae. The approaches in the safety
assessment of dune coasts are quite different, though a number of methods go back on the
same research from the 1980-ies.
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Due to these differences, results of the various risk-assessments that were conducted in
COMRISK are hardly comparable. Thus, a common approach to risk assessment might lead
to adaptations in safety-assessment methods in the various countries. On the other hand the
knowledge questions, i.e. to reduce uncertainties in risk-analysis, are rather similar in the
various countries. Joint research and further exchange of knowledge can and might lead to a
convergence of the methods for risk assessment used in the various countries.
2.6 R i s k a s s e s s m e n t
In COMRISK subprojects six to nine risk assessments were conducted for four case
sites. Each site had distinct physical and socio-economic characteristics. A scheduler over-
view of the conducted risk assessments in the four study areas is given at the end of this paper.
It becomes clear, that each subproject applied different techniques and models to assess the
risk. In consequence, the outcomes of the subprojects cannot be compared directly. Three
basic aspects were considered in all projects, the extreme loads (sources), failure mechanisms
and the flooding process (pathways), and the potential damages (receptors). One basic mes-
sage from the case studies is that, for all three aspects, the uncertainties are large. The pro-
babilitydistributionsofmostof thefailuremechanisms like theerosionof thegrasscoveronsea
dikes are still not known precisely and, thus, have to be assumed. Further, major differences
in the calculated risk result from the unknown breach development (e.g., one breach or
several breaches, final breach width). This strongly influences the flooding (e.g., speed, flood
height and extension) and, therefore, the degree of damage. As a final example, in some cases
little is known about the actual damage that appears in dependency of the height and duration
of the flooding (the so called depth-damage-curves). If summed up, all these uncertainties
result in risk values thatmay vary several orders ofmagnitude, depending upon the assumpti-
ons that were made. From a technical point of view, using probabilistic techniques, it may be
appropriate to address and consider these kinds of uncertainties. This certainly represents a
challenge for coastal flood risk managers. It is clear that complexity and level of detail of risk
analysis should be appropriate to the flooding system, the level of uncertainty, and the needs
of decision-makers. The analysis should not be over-complicated. The project also conclu-
ded that uncertainties must be understood and managed to make better decisions. Managing
uncertainty includes the whole process of identifying sources of uncertainty, modelling their
effects, communicating uncertainties and allowing decision-makers to account them. Further
research and guidance is needed to assess and reduce uncertainty, and to make sure that
decision-makers are fully aware of uncertainties in data, information and knowledge.
At the same time, the risk assessments as applied in the project brought a number of sig-
nificant improvements. The sensitivity analyses of the failure mechanisms gave new insights
in the respective relevance of each single failure mode as well as the failure development, i.e.
“weak spots” could be detected. Further, the vulnerability analyses substantially increased
the information and knowledge about the flood-prone areas, as “hazard areas” could be
identified. The established data and information may be used as a decision supporting tool,
i.e., as arguments for appropriate defence schemes. Further, they may be used for informing
the public and as a basis for contingency plans. It is recommended to continue the research
on risk analysis, especially on reducing and handling the uncertainties, and harmonizing the
different approaches that were tested in the subprojects six to nine.
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3. C o n c l u s i o n s
Based upon the COMRISK investigations and results, the international project team
established technical, managerial and policy level statements. These were presented and,
partly controversially, discussed during the final session of the conference COMRISK2005.
Discussions during the course of the Conference included opportunity for delegates to chal-
lenge or support the initial set of statements. This peer review of a broad group of coastal
flood risk experts and policy makers provided a unique opportunity to tune and refine the
statements. Taking this into account, the project team‘s overall conclusions are as follows:
• Risk, being probability and consequences of flooding, should provide the basis for flood
management decisions.
• Concerning the large uncertainties that exist in assessing coastal risks, it is concluded that
these must be understood and managed to make better decisions. Managing uncertainty
includes the whole process of identifying sources of uncertainty, modelling their effects,
communicating uncertainties and allowing decision-makers to account them. Further re-
search and guidance is needed to assess and reduce uncertainty, and to make sure that
decision-makers are fully aware of uncertainties in data, information and knowledge.
• With respect to the uncertainties, the conducted level of risk analysis should be appropriate
to the flooding system, the level of uncertainty, and the needs of decision-makers. The
analysis should not be over-complicated.
• It is concluded that common methods for risk assessments should be established. It is,
however, recognised that risk-based criteria depend on the physical and socio-economic
contexts which differ strongly among the countries. Hence, common criteria are not re-
commended.
• People living in flood-prone areas tend to ignore or disclaim the risks of flooding. In this
respect, it was agreed that the right information should be provided to the right people at
the right time to raise awareness without raising alarm.
• More risk based performance indicators are needed in order to translate policy aims into
flood risk objectives, and to evaluate changes in flood risk.
• Uncertainties are not a barrier to good policy making. Policies should take proper account
of uncertainty, and risk assessments should identify and report on all relevant uncertain-
ties.
• Finally, it is concluded that harmonization on all aspects of coastal flood risk management
seems not feasible due to the differences in the contexts and approaches in the five coun-
tries. Definition of a common strategy however does not have to mean harmonization of
policies. Although future harmonisation of policies and strategies should not be avoided
when desirable and feasible, at the moment it is more appropriate to focus on further mu-
tual understanding andmutual learning. The COMRISK project has identified many areas
of common interest to those developing flood risk management strategies and policies in
the partner countries. Continued co-operation and collaboration is needed to ensure that
these common interests are fully exploited.
4. O u t l o o k
More than 16 million Europeans who live in about 40,000 km2 of coastal lowlands in the
North Sea region as well as major economic activities depend upon a sustainable coastal risk
management. In future, as demonstrated by the FORESIGHT program in the United King-
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dom (OFFICE OF SCIENCE ANDTECHNOLOGY, 2004), the coastal risks will increase substanti-
ally. Both the protected values and the natural coastal hazards in the coastal lowlands will rise
due to utilization pressure and climate change (IPCC, 2001). In COMRISK, the present state
of national and regional coastal risk management was established and recommendations for
improvements made. Possible future developments were not directly considered. This topic
will be addressed in a follow-up project SAFECOAST. This INTERREG IIIB project starts
in July 2005 and broadens the scope of COMRISK in two ways. Firstly, the activities will
be based on a time horizon 2050, applying physical and socio-economic scenarios. Secondly,
the criteria of Integrated Coastal Zone Management will be addressed in an own subproject
(EUROPEAN UNION, 2002). For this, the COMRISK partnership has been extended
with some new partners. Major issues, as extracted from COMRISK, will be the testing of a
more standardized method to assess the coastal risks, and the establishment of appropriate
information material. Apart from COMRISK, SAFECOAST will be based on the policy
recommendations as established in the EUROSION project. The EUROSION project was
initiated in 2001 by the European Parliament with a view to evaluate the social, economical
and ecological impact of coastal erosion on European coasts and assess the need for action
(www.eurosion.org).
With COMRISK, for the first time, an interregional project of national and regional
coastal risk management authorities in the North Sea region has looked for transnational
improvements. With this study, almost 200 directly and indirectly involved individuals and
about 30 public and private institutions that work on coastal risk management in the North
Sea region have actually benefited from this transnational sharing of information and know-
ledge. In the long-term, this will lead to a quality improvement and harmonisation of coastal
risk management in the North Sea region.
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